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! 
The present invention has for its object the 
provision of an increased aperture ratio for the 
objective type of lens assembly developed by me, 
as more particularly set out in my United States 
Patent No. 1,975,678 of October 2, 1934, and the 
corresponding German Patent No. 673,861 of 
April 1, 1939. 
Throughout this specification and the claires 
the object will be regarded as being at the side of 
the objective having the longer conj ugate and the 
image at the side having the shorter conjugate. 
Numbering of elements must be understood as 
commencing from the object side, as is usual. 
The foregoing objective type of lens assembly 
consists primarily of three air-space separated 
components, of which two collective components 
surround a lens component convex toward the 
object. The air space separating the first and 
second components has the form of a dispersive 
lens convex toward the object; the air space sep- 
arating the second and third components has the 
form of a collective lens having its side of greater 
curvature directed toward the object. The in- 
dividual components are partly composed of in- 
dividual lenses which are best cemented together. 
With the possibility of making the lens surface 
less reflective by the application of reflection re- 
duction coatings, one or more of the surfaces be- 
tween adjacent elements may be left uncemented, 
and as a consequence within the individual com- 
ponents there may also be included air layers 
of sllght thickness. The delimitation surfaces 
thereof forming these air lenses may also have 
smll radius differences. In the lens system 
aforesaid the lenses L$ and L7 must nonetheless 
be always cemented in order to avoid any total 
reflection of the light rays participating in the 
formation of the image. 
The flrst component is generally a simple col- 
lective lens LL The second component consists 
of three individual lenses (L2, L3, L4), which 
may or may not be cemented, constituting a lens 
component which is meniscus-shaped convex to- 
ward the object. The refractive index for the 
d-line of the lens L3 is at least 0.12 smaller than 
the refractive index of the lens L2 or L4. The 
lenses L2 and L3 have positive whereas the lens 
L4 has negative refractive power. The third com- 
ponent is cemented and consists of at least a 
positive lens L$ and a negative lens L7 so that a 

2 
highly convex cemented surface exists toward the 
image; the refractive index in front of this ce- 
mented surface is at least 0.03 larger thon behind 
this surface. The examples which are given have 
5 also a negative lens L§ which is cemented and 
has a lower refractive index than L6. 
With the presently known forms of execution 
of this construction, it has been possible to ob- 
10 tain an aperture ratio of f/1.5 for a fleld of view 
of about 45 ° . 
In carrying out the object of the present inven- 
tion to obtain an increased aperture ratio, it has 
been round that by increasing the refractive in- 
15 dex of the lens forming the flrst component and 
that of the next following lens element of menis- 
cus-like contour to such an extent that the sure 
of the two refractive indices for the d-line is 
higher than 3.375, this goal is achieved. 
20 The limitation of the benefits obtainable are 
those occasioned by the maximum refractive in- 
dices of the available kinds of glass. On the basis 
of the present-day available glass, it is possible to 
raise the foregoing refractive index sure to about 
25 3.53. 
With a suflïciently high refractive index sum 
within the range indicated, it has been found 
that the deïmition of the image will not surfer 
by reason of raising the aperture ratio to f/1.4. 
The features of the invention will be ruade 
3O 
clearer or become more readily apparent from the 
appended drawing in which Figures 1 to 4 di- 
agrammatically illustrate the outline at the axiai 
section of the objectives in accordance with the 
35 present invention, as exemplified in Tables I to 
IV, respectively. 
Making reference to the drawings, there are il- 
lustrated four objectives coming within the scope 
of the invention claimed. The illustrations refer 
40 to a focal length of î00 mm. and the examples 
given refer to a fleld of view of 45 °. 
In the examples and tables given hereinbelow: 
L=the lenses; 
45 r=the radius; 
d=the thickness; 
Z----the air space; the number in each case being 
the ordinal member of the relative element or 
dimension counting from the front; 
50 B  ----the diaphragm. 
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The kinds of glass are designated in the last 
two columns by their refractive indices  for the 
OE-llne and the Abbé dispersion numbers v. 
Referring flrst to Figure 1, the lens system in 
left to rightsequence is: the nearly plano-con- 
vexo lens L! (OEI) having the convex face ri and 
the nearly plane face r2; the lens L2 (OE) hav- 
lng the convex face r3 and the concave face 
the lens L3 (OE3) having the contiguous face 
and the nearly plane face ri; the nearly planoo 10 
concave lens L4 (OE4) having the contiguous near- 
ly plane face r§ and the concave face fS; BI ls 
the iris or diaphragm; the lens I (oEe) having " 
the plane face rl and the concave face r3; the lens 
L (OE$) having the contiguous face r3 and the 15 
convex face r3; the lens LI (OE) is a meniscus lens 
having the concave contiguous face r9 and the 
convex face 
In Figures 2 '.and 3 corresponding parts have 
been correspondingly Identifled. 
In Figure 4 and in the Table IV directed to 
this form, the varlants in the reference charac= 
ters are introduced by the lack of complete con- 
tact of lenses L and I to provide the air space 
l but in other respects the lenses L& L4, Le, Le 
and L are of the saine character as previously 
described. 
(Figure I) 
30 
An objective with an aperture ratio of f/1.44. 
This objective consists of three lens components, 
of which L I is a simple lens, L2--I--L4 form a 
lens component whlch Is cemented and which is a 
meniscus-like eomposlte eonvex toward the ob- 
ject. L$--L--L7 form a cemented collective lens 
compbnent. The refractlve index of lens L3 is 
0.205 smaller than the refmctlve index of lens 
L and 0.235 smaller than the refractive index of 
lens L4. The refractive index of lens L3 Is 0.155 4o 
hlgher than the refractive index of lens L and 
0.056 higher than the refractlve index of LL The 
sums of the refractive indices of the flrst and 
second lens L I and L2 Is 3.38. The sure of the 
reclprocals of the radii of curvature of the front 
surfaces of the flrst two components diminlshed 
by the reclprocal of the radius of eurvature of 
the rear surface of the front eomponent is 
0.03821, whlch is 
3.821 
when expressed in terres of the focal length f of 
the complete objective. 
EXAY.  55, 
(Fimre 2) 
An objective with anaperture ratio of f/1.44. 
The lens succession is the same as in Example I. 
The refractive index of lens L is 0.244 smaller 6o 
than the refractive index of lens L and 0.223 
smaller than the refractive index of lens L4. The 
refractive index of lens Le is 0.194 higher than 
the refractive index of lens Le and 0.066 higher 
than he refractive index of lens LL The sure 
of the refractive indices of the flrst and second 
lenses L! and L is 3.461. The sure and differ= 
ence of reciprocals calculated as in Example I is 
3.596 70 
$ 
(Figure 3) 
An objective with an aperture ratio of f/1.4. 75 

4 
The lens succession is the saine as in the previ- 
ous examples. The refractive index of lens 
is 0.305 smaller than the refractive index of lens 
L and 0.228 smaller than the refractive index 
of lens L4. The refractive index of lens L$ is 
0.194 higher than the refractive index of lens 
Le and 0.066 higher than the refractive index 
of lens LL The sure of the refractive indices of 
the flrst two lenses L! and L is 3.522. The sure 
and dlfference of reciprocals calculated as in 
ample I 
3.366 
(Figure 4) 
An objective with an aperture ratio of f/1.4. 
In thls example the individua! lenses in the sec° 
ond menlscus-formed component are only partly 
cemented. The lens L2 is net cemented with the 
following lenses L3 and IA but separated by a 
small air space l. The other cemented surfaces 
as well (except that between lens L$ and lens L) 
may be uncemented in whole or in part in a sim- 
ilar way. The refractive index of lens I is 0.244 
smaller than the refractive index of lens L and 
0.223 smaller than the refractive index of lens 
L4. The refractive index of lens L3 is 0.194 high- 
er than the refractive index of lens Le and 0.066 
higher than the refractive index of lens LL The 
sure of the refractive indices of the flrst two 
lenses L and L is 3.461. The sure and differ- 
ence of reciprocals calculated as in Example I is 
3.596 

Tble I 

r1=÷74.44 
r2= ÷443.4 
r3 ffi ÷36. 99 
r4=÷78. 85 
rS= --804. 6 
r6= ÷24. 06 
r8=÷57. 47 
rgffi--22. 41 
r10-----102. 8 

d 
d1=9.5 
ll 0. 3 
d2II.9 
d3 =7. 75 
d4=L8 
12 ffi 14. 9 
d5=4. 8 
d6= 19. 5 
dTffiS. 0 

1. 6930 
1. 6020 
1. 4875 
1. 7229 
1. 5112 
1.6666 
1. 6072 

52.4 
56, 7 

Table II 
d » 

rl=÷80. 08 
r2=÷379. 5 
r3=+38. 31 
r4=+6& 85 
fs= -766. 3 
r6= ÷25. 52 
r7=÷958. 0 
r8=÷78. 5 
rgffi--24.1 
rl0ffi-- 120. I 

dl=8. 8 
/1=0. 3 
d2=ll. 9 
d3=7.75 
d4=l. 8 
/2= 13. 7 
d5=7.7 
d6= 20. 7 
d7ffi3. 6 

1.7170 

1.7440 
1. 5005 
1.7283 

1. 5231 
1. 7170 
1. 6510 

47.  

44. 7 

47.9 



T«ble III 

r1=÷3. 6 
r2=÷396. 2 
r3=÷41. 28 
r4 = ÷71. 8 
r5=-800. 0 
r6=÷26. 48 
rT= ÷1000. 0 
rB= ÷82. 0 
T9=--24. 95 
rl0ffi -- 109. 9 

d 
dl=9. 2 
/1=0.3 
d2= 12. 4 
d3=8. 1 
d4ffi 1. 9 
/2= 14.3 
d5=8. 0 
d6=2L 6 
d7=3.8 

1. 7170 
l. 7283 
1. 52,'tl 
1.7170 
1. 6510 

9,eoo, elo 
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2. A high-aperture objective lncluding essen- 
tially three components separated by air spaces, 
v tho flrst conststing of a simple converging lens 
facing tho object, the second being a diverging 
5 component ruade up of at least three lenses which 
 . 5 . is highly convex toward the object, and the third 
being a converging tripler comprising a converg- 
40.2 ing lens of hlgh refractive index between two 
diverglng lenses, the flrst air space being in the 
.0 10 form of a diverging lens convex toward the ob- 
2s.3 Ject and the second air space in the form of a 
converging lens with its less curved surface to- 
ward the image, characterized by dimensions and 
refractlve properties which simultaneously ful- 
flll the three conditions, flrstly that the second 
comportent has an axial length comprised withtn 
the range of 0.14 f to 0.30 f, where f denotes the 
total focal length of the objective, secondly that 
the sure of the reciprocals of the radfl of curva- 
20 turo of the front surfaces of the flrst two com- 
Ponents diminished by tho reciproca! of the 
radius of curvature of the rear surface of the 
front comportent ls comprised within the range of 
3.90 30 
25 $ to" 
and thlrdly that the sure of the refractive In- 
dices for the d-line of the front comlmnent and 
of the front lens of the second comlmnent ls 
30 greater than 3.375. 
3. An objective as deflned in claire 2 charac- 
terlzed in that the flrst two lens elements of one 
of tho multiple lens components are separated 
by a thin air space convex toward the obJect. 
4. An objective as deflned In claire 2, charac- 
tevized in that the flrst two lens elements of the 
second comportent are separated by a thin air 
space convex toward the object. 
5. An objective as deflned in claire 2, characo 
40 terized in that the flrst two lens elements of the 
thlrd comportent are separated by a thin air 
space convex toward the object. 
LUDWIG J. BERTELE. 
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Table IV 

rlffi+80. 08 
r2ffi+379. 5 
r3ffi +38. 31 
r4=+68. 85 
r'Sffi÷70.88 
r'6ffi--766. 3 
r'7ffi +25. 66 
r'8--574. 7 
r'gffi÷78. 54 
f10ffi--23. 98 
r'lloe--127.1 

d 
dl=8. 81 
llffi0. 29 
d2ffi 11. 49 
/2ffi 0. 38 
d3ffiT.66 
d4ffil. 97 
/3-13.7 
d5-7. 66 
d7ffi 1. 72 

1. 7170 
1.7440 
L 5005 
i. 7283 
I. 5231 
Io 7170 
I. 6510 

47. 9 
44.7 
66.0 
28.3 

47. 9 
35 

Having thus described my invention and tllus- 
trated its use, what I claim as new and deslre to 
securo by Letters Patent is: 
1. In a high-aperture objective lncluding es- 
sentially three components separated by air 
spaces, the flrst consisting of a simple converg- 
ing lens facing the object, the second being a 
diverging çomlmnent marie up of at least three 
lenses which ls highly convex toward the object, 
and the third being a converging triplet compris- 
ing a converging lens of high refractlve index 
between two dlverging lenses, the flrst air space 
being in the form of a diverging lens toward the 
object, and the second air space in the form of 
a converging lens with lts less curved surface to- 
ward the image, the combination wherein the 
sure of the refractive indices for the OE-1ine of the 
front comportent and of the front lens of the 
second comportent is greater than 3.375 and 
wherein the axial thickness of the second com- 
lmnent ls between 0.14 f and 0.30 f, where f de- 
notes the equtvalent focal length of the objective. 
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